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I n  a t t e m p t i n g  t o  use a c o n v e n t i o n a l  s u b s o n i c  wind  
t u n n e l  hav ing  s o l i d  s idewalls  i n t o  t h e  t r a n s o n i c  s p e e d  r a n g e ,  
u n d e s i r a b l e  i n t e r f e r e n c e  e f f e c t s  a p p e a r  caused by model  
b l o c k a g e  a n d / o r  wave r e f l e c t i o n s .  T h e  speed a t  w h i c h  s u c h  
i n t e r f e r e n c e  a p p e a r s  v a r i e s  w i t h  t h e  model s i z e  and  w i t h  t h e  
a n g l e - o f - a t t a c k .  M o d i f i c a t i o n s  t o  t h e  t u n n e l ,  i.e. by i n c r e a s -  
i n g  t h e  s i z e  of t h e  t e s t  s e c t i o n  o r  add ing  v e n t i l a t e d  wal l s  may 
n o t  be feas ib le  f o r  r e a s o n s  of c o s t  o r  a v a i l a b l e  space. However 
i t  may be p o s s i b l e  t o  r e p l a c e  p a r t s  o f  t h e  walls of  t h e  t e s t  
s e c t i o n  w i t h  segments  so d e s i g n e d  a s  t o  e l i m i n a t e  t h e  i n t e r -  
f e r e n c e  o r  t o  reduce it a p p r e c i a b l y .  
One s u c h  wind t u n n e l  i n  q u e s t i o n  was t h e  1 2 - i n c h  by 
1 2 - i n c h  h i g h - s p e e d  i c i n g  t u n n e l  of t h e  N a t i o n a l  A e r o n a u t i c a l  
E s t a b l i s h m e n t  a t  O t t a w a ,  Canada, a s  it e x i s t e d  i n  1981 when t h e  
NASA L e w i s  Research Cen te r  expres sed  i n t e r e s t  i n  conduc t ing  a n  
i c i n g  s t u d y  on a i r f o i l  s e c t i o n s  t y p i c a l  o f  a p p l i c a t i o n  t o  
h e l i c o p t e r s .  The  t u n n e l  s y s t e m  a p p e a r e d  c a p a b l e  o f  a speed 
range  up t o  Mach number 0.7;  however, t h e  u s e  o f  model  c h o r d s  
of a b o u t  6 i n c h e s  would c l e a r l y  r e s u l t  i n  e x c e s s i v e  i n t e r -  
f e r e n c e  due t o  t h e  s o l i d  walls of  t h e  test  s e c t i o n .  R e l a t i v e l y  
l a r g e  access p o r t s  were a v a i l a b l e  on t h e  t e s t  s e c t i o n  and there  
appea red  t o  be some p o s s i b i l i t y  o f  m o d i f y i n g  t h o s e  t o  reduce 
t h e  interference.  
A n  i n v e s t i g a t i o n  i n t o  t h e  f e a s i b i l i t y  o f  s u c h  a 
t e c h n i q u e  was  u n d e r t a k e n  a t  t h e  O h i o  S t a t e  U n i v e r s i t y  
A e r o n a u t i c a l  and A s t r o n a u t i c a l  Research L a b o r a t o r y  (OSU/AARL)  
u s i n g  t h e  6 - i n c h  by 1 2 - i n c h  a i r f o i l  t u n n e l  t o  model  t h e  
s i t u a t i o n .  T h i s  t u n n e l  h a s  a two-dimensional  c o n f i g u r a t i o n  a n d  
uses p e r f o r a t e d  p la tes  backed-up by independent  plenum chambers 
f o r  d i s t a n c e s  of 14 i n c h e s  u p s t r e a m  a n d  2 0  i n c h e s  d o w n s t r e a m  
f r o m  t h e  model  m o u n t i n g  s i t e .  Model c h o r d s  of 6 i n c h e s  a r e  
no rma l ly  u s e d  i n  t es t s  a t  Mach numbers  f r o m  0.2 t o  1.1; t h e  
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i n t e r f e r e n c e  i s  c a l i b r a t e d  a n d  o f  a v e r y  low l e v e l .  Thus t h e  
NAE t u n n e l  and a n t i c i p a t e d  m o d e l s  c o u l d  be m o d e l l e d  e x a c t l y  
e x c e p t  f o r  t h e  w i d t h .  The OSU/AARL t u n n e l  was m o d i f i e d  by 
r e p l a c i n g  t h e  p e r f o r a t e d  wal l s  w i t h  s o l i d  p l a t e s  w i t h  p r o v i s i o n  
f o r  i n s e r t i n g  v e n t i l a t e d  segments  i n  t h e  v i c i n i t y  of t h e  model, 
i n  t h e  same r e l a t i v e  l o c a t i o n  t o  t h e  model a s  t h e  access  p o r t s  
i n  t h e  NAE f a c i l i t y .  T h i s  r e p o r t  d e s c r i b e s  t h e  c o n f i g u r a t i o n  
tes ted  a t  OSU/AARL and t h a t  i n s t a l l e d  i n  t h e  NAE i c i n g  t u n n e l  : 
some t y p i c a l  data  are  p r e s e n t e d  t o  document t h e  c h a r a c t e r i s t i c s  
of  t h e  r e v i s e d  t e s t  s e c t i o n .  
W I N D  TUNNEL CONFIGURATIONS 
The d e t a i l s  of t h e  c i r c u i t  of t h e  NAE wind t u n n e l  are  
g i v e n  i n  F i g u r e  1. F i g u r e  2 i s  a s c h e m a t i c  of t h e  t e s t  s e c t i o n  
showing t h e  c o n f i g u r a t i o n  of  t h e  access p o r t s  a v a i l a b l e  on  t h e  
t o p  a n d  t h e  b o t t o m  o f  t h e  t u n n e l  a s  w e l l  a s  t h e  p e r f o r a t e d  
p a n e l s  which were f i n a l l y  i n s t a l l e d .  The c o n f i g u r a t i o n  t e s t e d  
i n  t h e  OSU/AARL 6x12 i n .  t u n n e l  i s  o u t l i n e d  i n  F i g u r e  3 ;  t h e  
w i d t h  of t h e  p a n e l  was t h a t  e s t i m a t e d  t o  s ca l e  t h e  p o r t  w i d t h  
on t h e  NAE tes t  s e c t i o n .  
MODELS 
T h e  p r o f i l e  c h o s e n  f o r  t h e  s t u d y  was t h e  NACA-0012: 
i t  was t o  b e  u s e d  e x t e n s i v e l l y  i n  t h e  r o t o r  i c i n g  r e s e a r c h  
p r o g r a m  a n d ,  a d d i t i o n a l l y ,  a l a r g e  body of e x p e r i m e n t a l  data  
e x i s t s  f o r  t h a t  s e c t i o n .  The m o d e l s  u s e d  i n  t h e  two t u n n e l s  
d i f f e r e d  o n l y  i n  s p a n , i n  c o r r e s p o n d e n c e  t o  t h e  w i d t h s  of t h e  
t u n n e l s :  t h e  c h o r d s  of  b o t h  were 6 i n c h e s .  
TEST RESULTS 
For r e f e r e n c e  p u r p o s e s  a n d  t o  d e m o n s t r a t e  t h e  mag- 
n i t u d e  o f  t h e  i n t e r f e r e n c e  w i t h o u t  w a l l  v e n t i l a t i o n ,  a f e w  
t e s t s  were conducted  w i t h  s o l i d  wal ls  th roughou t :  t h e  p r e s s u r e  
d i s t r i b u t i o n  of  F i g u r e  4 was t y p i c a l  of s u p e r c r i t i c a l  f l o w .  A s  
e x p e c t e d  t h e  t u n n e l  was choked a t  t h e  model and t h e  r e s u l t i n g  
s u r f a c e  p r e s s u r e  d i s t r i b u t i o n  was h i g h l y  d i s t o r t e d .  T h e  
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theoretical code [1,2] is expected to give a fairly accurate 
estimation of the pressure distribution and of the shock loca- 
tion at the specified Mach number and attack angle in free air. 
Several porous-plate configurations were tested in 
the O S U / A A R L  tunnel with that of Figure 3 showing the least 
interference over the range of interest. The data of Figures 5 
and 6 are typical for subcritical and supercritical flows 
respectively. In all cases, reference was made to theoretical 
codes ii-jj, to data from t h e  OSU~AARL 6x22 in. airfoil tunnel 
and, in the supercritical case, to tests with a 6-inch chord 
model in the C A L S P A N  8-foot transonic tunnel; to avoid confu- 
sion, the referenced data [ 4 ]  are shown without symbols. 
The perforated plate configuration was copied 
directly for the NAE wind tunnel installation. Typical pressure 
distributions for subcritical and supercritical flows are 
presented in Figures 7 and 8. In the latter instance, data are 
shown for a repeated run as well. On the basis of the com- 
parison of the data with the theoretical prediction, the 
modification was considered as suitable for conducting model 
tests in the supercritical speed range. 
CONCLUSIONS 
The installation of a set of perforated plates 
backed-up by independent cavities in the test-section of a 
normally solid-walled subsonic wind tunnel resulted in the 
reduction of transonic wall interference to negligible levels. 
The modification permitted the use of the tunnel at Mach num- 
bers up to 0.75, with a model chord-to-height ratio of 0.5 and 
at attack angles over the full range of interest, making pos- 
sible an icing study of significance to helicopters [5,6]. 
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FIGURE 2 .  WALL CONFIGURATION TESTED I N  THE OSU 6 X 
12 I N .  HIGH REYNOLDS NUMBER TRANSONIC W I N D  T U N N E L  
A S  A S I M U L A T I O N  OF T H E  P R O P O S E D  M O D I F I C A T I O N  TO 




F I G U R E  3 .  S E C T I O N  O F  THE N A E  H I G H  S P E E D  I C I N G  
TUNNEL SHOWING THE VENTILATED P A N E L S  P R O P O S E D  AND 
T E S T E D .  
-1.5 










OSU 6X12IN. 0 
0 
0 
O O  
0 
0 0  
-~ 
0 0.2 0.4 0.6 0.8 I .o 
x/c 
FIGURE 4. SURFACE PRESSURE DISTRIBUTIONS ON NACA- 
0012 MODEL SHOWING SOLID WALL INTERFERENCE IN 
SUPERCRITICAL FLOW. CHORD=6 IN. 
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FIGURE 5. SUBCRITICAL DATA FROM O S U  6 X 12 IN. 
TUNNEL WITH LIMITED VENTILATION PANELS COMPARED 
WITH OTHER DATA AND THEORY. NACA-O012,CHORD=6 IN. 
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FIGURE 6. SUPERCRITICAL DATA FROM OSU 6 X 12 IN. 
TUNNEL WITH LIMITED VENTILATION PANELS COMPARED 
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FIGURE 7. SUBCRITICAL DATA FROM NAE 12 X 12 IN. 
ICING TUNNEL WITH LIMITED VENTILATION PANELS. 
NACA-0012 PROFILE, CHORDz6 IN. 
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FIGURE 8, SUPERCRITICAL DATA FROM 12 X 1 2  
ICING TUNNEL WITH LIMITED VENTILATED PANELS. 
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